This paper mainly focuses on the conceptual design and stealth performance of the three-surface military aircraft. A threedimensional (3-D) digital mock-up of the three-surface strike fighter with stealth feature was designed and the schemes of carrying missiles were analyzed in CATIA. Based on physical optics principle and the Method of Equivalent Currents (MEC), a numerical simulation of the RCS feature of the aircraft was carried out with RCSPlus which is a software designed by Beihang University. The paper contributes to the RCS feature analysis of the whole plane and different parts on X-band, S-band and UHF-band and a comparison of RCS feature to Su-37 and T-50 military aircraft is drawn. On X-band, the pitch angle of the incident wave was 0°, and the result shows: (1) Compared with Su-37 aircraft, the forward scattering RCS of the three-surface strike aircraft was reduced to 14.9%, the side scattering RCS to 9.6% and the back scattering RCS to 40.2%. (2) Compared with T-50 aircraft, the forward scattering RCS was reduced to 38.61%, and the side scattering RCS to 67.26%. This paper should be useful for researchers in conceptual design and stealth technology of the military aircraft.
Introduction
It is widely known that the four main aerodynamic configurations include the three-surface aerodynamic configuration, the normal configuration, the canard configuration and the flying-wing configuration. The aerodynamic lifting surface of the three-surface military aircraft is composed of canard, wing and horizontal tail. Although the canard adds weight to three-surface aircraft, it is widely used on military aircraft because of excellent maneuvering and aerodynamic performance. The threesurface configuration is utilized in a large amount of military aircrafts, such as Russian aircrafts Su-33 and Su-37, the American aircraft F-15S/MTD , the Japanese aircraft T-2CCV and so on. Su-33 is one of the main types of fighters in Russian naval aviation, which has served more than 20 years in aircraft carrier "Admiral Kuznetsov". The Chinese authorities also direct special attention to the three-surface aircraft research and have made some considerable achievements so far.
To meet evolving operational requirements, most modern advanced fighter planes such as American aircraft B-2, F-22 [1] , F-35 [2] , X-45, X-47 involve stealth design. Domestic and foreign This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
technology have been achieved. Additionally, different kinds of stealth materials and RCS algorithms have been obtained.
In reference [5] , the numerical simulation of RCS comparison of the metal cone and the metal cone covering with plasma provides a reference algorithm for the RSC calculation. Reference [6] deals with the integration computing technology to identify the main scattering resource of complex targets. In reference [7] , a dimension reduction model is built to simulate 3-D electromagnetic scattering and forecast the monostatic radar scattering cross section quickly. In order to obtain the RCS of the aircraft, a physical diffraction theory is proposed to calculate wedge diffraction in [8] . Reference [9] uses the finite difference time domain method to get the RCS of the aircraft via changing the 2-D scattering field to far field based on the equivalence principle. A research into the stealth performance of different radio frequency with different distance or different weather conditions is carried out in [10] . Reference [11] calculates the infrared radiation characteristic of the jet mixing enhancement by pulsed blowing in 3 to 5 microns bands and analyzes the infrared stealth properties. A comparison is made between the stealth properties of two aircrafts with missiles inside or outside in [12] and the results show that the aircraft with missiles inside has much better stealth properties. Reference [13] analyzes the stealth features of the fighter with double vertical tails outward and shows that double vertical tails outward have a great influence on the side scattering RCS of the fighter. Although enormous efforts have been taken to study different aspects of aircraft conceptual design and stealth technology, further research is still needed since there are few papers published on three-surface strike fighter with stealth feature. This paper centralizes the target on the deficiency of the previous research. Based on CATIA, a 3-D digital mock-up of three-surface strike fighter is designed. And the numerical simulation of RCS performance of the three-surface aircraft with stealth feature has been obtained based on the principle of physical optics and the MEC with RCSPlus which is a software designed by Beihang University. Then the forward, the back and the side scattering RCS properties at different pitch angles are presented and a comparison of corresponding parameters to Su-37 and T-50 is made such that the stealth features of the conceptual design aircraft was obtained.
Theoretical basis
The theoretical basis to calculate the aircraft RCS includes two parts: the numerical simulation method and the experimental verification.
Numerical simulation method
On condition that the geometric shape of the aircraft is primarily considered without taking the stealth coating into account, the numerical simulation method to calculate the RCS is the method of physical optics and equivalent currents. The physical optics is used to calculate the facets scattering of the aircraft and the MEC is employed to calculate the edge diffraction [14, 15] . The formula of the physical optics is shown as below [12, 13] : 
where po  is the RCS of a single facet, j is the imaginary unit,
is the free space wavenumber,  is the radar incident wavelength, S is the area of the aircraft radiated by the radar, n is the unit normal vector of the surface, r e is the unit vector of the electromagnetic polarization direction of the receiving antenna, i h is the unit vector of the field direction of the incident wave, the symbol "  " represents the dot product and "  " represents difference product, r is the vector from the local origin to the surface element dS , i is the unit vector of the incident direction. s is the unit direction of the scattering direction.
The method of equivalent currents is expressed as [15] : 
where ecm  is the RCS of the single edge. t is the unit tangent vector of the edge.  is the angle between the incident ray i and t .
i o E is the strength of the incident electric field. f and g are the Yoffie Rousseff diffraction coefficient. 0 Z is the wave impedance in vacuum in Ω.
i o H is the strength of the incident magnetic field. t r is the position vector of the middle of the edge. l is the vector of the edge.
The RCS of the strike fighter is the sum of n facets and m edges, which can be expressed as: 
where  is the RCS of the strike fighter The arithmetic average RCS of the strike fighter is shown as below:
In the formula, 
where dBsm  is the RCS of the strike fighter in another unit dBsm.
Experimental verification
To verify the validity of the numerical simulation method to calculate the RCS of strike fighter based on the physical optics and MEC, an experiment has been performed, in which only the geometric shape of the aircraft is take into account while the effect of the stealth coating on the RCS of the aircraft is not considered.
The procedure of the experiment is:
(1) Build the 3D digital model of the aircraft in CATIA (see Fig. 1(a) ).
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(2) Use the 3D Printers to print the wax mold (see Fig. 1(b) ).
(3) Build the sand mold cavity using the wax mold and then get the cast aluminum model from the mold cavity (see Fig. 1(c) ).
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(1) Build the 3D digital model of the aircraft in CATIA (see Fig. 1(a) ). (2) Use the 3D Printers to print the wax mold (see Fig.   1(b) ). (3) Build the sand mold cavity using the wax mold and then get the cast aluminum model from the mold cavity (see Fig. 1(c) ). (4) Conduct the electromagnetic test of the model in the anechoic chamber (see Fig. 1(d) ). (5) Compare the RCS feature curve from the electromagnetic test with that obtained by numerical simulation method (see Fig. 2 ). The initial conditions of the numerical simulation and the (4) Conduct the electromagnetic test of the model in the anechoic chamber (see Fig. 1(d) ). 
Fig. 2 RCS feature curve comparison between numerical simulation and experimental verification
The initial conditions of the numerical simulation and the experiment include：the radar incident w is on X-band, the pitch angle of the wave is 0°, the horizontal polarization mode is chosen and the azim angle of the aircraft is 0~180°. The RCS feature curve of the 3D digital model in Fig. 1(a) 
Conceptual design
This paper concentrates on the conceptual design and the stealth design of the three-surface str experiment include: the radar incident wave is on X-band, the pitch angle of the wave is 0°, the horizontal polarization mode is chosen and the azimuth angle of the aircraft is 0~180°. The RCS feature curve of the 3D digital model in Fig.  1(a) is obtained by the numerical simulation based on the physical optics and MEC(see Fig. 2 ). Another curve obtained by the electromagnetic test in the anechoic chamber is also shown in Fig. 2 . The comparison analysis shows that the curve obtained from the numerical simulation method is in good agreement with the curve from the electromagnetic test.
The experiment has proved the accuracy of the numerical simulation method. Thus it can be applied to analyze the RCS feature of the three-surface conceptual aircraft.
This paper concentrates on the conceptual design and the stealth design of the three-surface strike fighter, based on the design concept of the advanced fighter such as Su-37, F-22, F-35, T-50 and so on. The conceptual aircraft is a heavy strike fighter with single seat, twin-engine and three-surface, involving several stealth technology:(1) The camber angles of double vertical tails and double ventral fins are both 35° so that the side scattering RCS can be reduced. (2) The leading sweepbacks of the canard, wing and horizontal tail are all 45°and their trailing sweepbacks are the same to reduce the crest amount of the RCS at the azimuth range 0°to 360°. (3) The aircraft uses the internal weapon bays with air-to-air missiles or air-to-surface missiles to reduce the RCS when carrying missiles. (4) The S-shaped inlet, which can keep the radar wave from directly radiating the straightening vanes and the compressor blades, is used to reduce the RCS of the inlet cavity when the radar wave reflects repeatedly in the inlet. (5) The entrance of the inlet is the supersonic inlet with boundary layer diverter which can enlarge the internal weapon bays to carry the long-range air-to-surface missiles compared to the DSI inlet. (6) Continuous surface and blended wing body technology are adopted in designing fuselage to reduce the RCS of all the joints. (7) The integrative canopy to reduce the RCS of the cockpit cavity and the canopy joint. (8) The engine is a thrust-vectoring motor with an exhaust nozzle exit optimized to reduce the infrared radiation. (9) The aircraft nose is designed with edges to reduce the forward and side scattering RCS. The 3D digital model of the three-surface strike fighter designed by CATIA is shown in Fig. 3 based on the golden coating technology is in bubble shape, smoothly blended with the aircraft nose to reduce the RCS of the cockpit cavity and the canopy joint. (8) The engine is a thrust-vectoring motor with an exhaust nozzle exit optimized to reduce the infrared radiation. (9) The aircraft nose is designed with edges to reduce the forward and side scattering RCS. The 3D digital model of the three-surface strike fighter designed by CATIA is shown in Fig. 3 . The schemes of carrying missiles inside are shown as Fig. 4 .
The schemes of carrying missiles are listed in details: (1) Scheme 1 is to carry 5 mid-range air-to-air missiles and 1 mid-range air-to-surface missile for air combat and ground attack. (2) Scheme 2 is to carry 10 mid-range air-to-air missiles for air combat. (3) Scheme 3 is to carry 1 long-range air-to-surface missile for ground attack.
The basic parameters of the conceptual design threesurface strike fighter are shown in Table 1 :
The stealth properties of the digital model need to be analyzed to estimate the merits of the conceptual design.
Numerical simulation of RCS properties of the strike fighter
The analysis of the RCS properties includes three parts: the RCS feature analysis of the concept three-surface strike fighter, the RCS feature analysis of the fighter with missiles and the comparison analysis with other stealth aircrafts.
RCS property analysis of the strike fighter
This section is focus on the RCS property analysis of the strike fighter, using equation (1)~(3) based on the physical optics and MEC with RCSPlus. The RCS feature curve obtained by numerical simulation and the RCS scattering intensity feature of the strike fighter is given in Fig. 5 and Fig. 6 respectively. The RCS mean value feature is shown in table 2. In the process of numerical simulation, the model of the fighter is slightly simplified for convenience without influencing the precision. A slope is used to close the inlet along with the boundary layer diverter and a conical surface is used to close the nozzle of the afterburner.
As Fig. 5 shows, on condition that the incident wave is X-band, the pitch angle is 0° and the azimuth ranges from 0° to 360°, the RCS feature of the strike fighter is : (1) The forward scattering RCS mean value is -2.178dBsm at a range of ±30°. (2) The side scattering RCS mean value is 14.890dBsm. (3) The back scattering RCS mean value is 6.909dBsm at a range of ±30°.
Some other conclusions can also be drawn from the curves in Fig. 5: (1) When the azimuth is 45° or 315°, the peak of the RCS is higher because the same leading sweepback of the canard, wing and vertical tails leads to the RCS superposition. (2) When the azimuth is 90° or 270°, the peak of the RCS is higher because of the higher side scattering RCS value of the fuselage. (3) When the azimuth ranges from -10° to +10°, the RCS is lower because of the aircraft nose with The basic parameters of the conceptual design three-surface strike fighter are shown in e basic parameters of the conceptual design three-surface strike fighter are shown in 
S property analysis of the strike fighter
is section is focus on the RCS property analysis of the strike fighter, using equation (1)~ (3) based physical optics and MEC with RCSPlus. The RCS feature curve obtained by numerical simulation RCS scattering intensity feature of the strike fighter is given in Fig. 5 and Fig. 6 respectively. The ean value feature is shown in table 2. In the process of numerical simulation, the model of the edges and the S-shaped inlet. Under the condition that the incident wave is X-band, the pitch angle is 0° and the azimuth ranges from 0° to 360°, altogether 360 RCS scattering intensity images are obtained in the numerical simulation. Some representative images are shown as Fig. 6 . Figure 6 shows some RCS properties as below: (1) The forward scattering RCS of the radome, the canopy and the inlet entrance is higher, so these parts need to be optimized. (2) The side scattering RCS of the fuselage is higher, but the RCS of double vertical tails and ventral fins is lower because the camber angle reduces the side scattering RCS. So the fuselage needs to be optimized. (3) As the main part of the infrared radiation scattering and the RCS scattering, the back scattering RCS of the engines is higher. So the engines need to be optimized too.
This paper also performs an omnidirectional numerical simulation besides the RCS property on X-band.
The initial conditions include: The radar bands are X-band, S-band and UHF-band, the pitch angle of the incident wave ranges from -15° to +15°, the azimuth ranges from 0° to 360° and the polarizations of radar are horizontal polarization and vertical polarization. The consequences show as below: The numerical simulation concludes 7×3×2=42 RCS curves fighter is slightly simplified for convenience without influencing the precision. A slope is used to close the inlet along with the boundary layer diverter and a conical surface is used to close the nozzle of the afterburner.
Some other conclusions can also be drawn from the curves in Fig. 5: (1) When the azimuth is 45° or 315°，the peak of the RCS is higher because the same leading sweepback of the canard, wing and vertical tails leads to the RCS superposition. (2) When the azimuth is 90° or 270°，the peak of the RCS is higher because of the higher side scattering RCS value of the fuselage. (3) When the azimuth ranges from -10° to +10°, the RCS is lower because of the aircraft nose with edges and the S-shaped inlet.
Under the condition that the incident wave is X-band, the pitch angle is 0° and the azimuth ranges from 0° to 360°, altogether 360 RCS scattering intensity images are obtained in the numerical simulation.
Some representative images are shown as Fig. 6 . Under the condition that the incident wave is X-band, the pitch angle is 0° and the azimuth ranges from 0° to 360°, altogether 360 RCS scattering intensity images are obtained in the numerical simulation.
Some representative images are shown as Fig. 6 . (4) and (5) (see Table 2 ). (4) and (5) (see Table 2 ). (1) The forward scattering RCS of the radome，the canopy and the inlet entrance is higher，so these parts need to be optimized. (2) The side scattering RCS of the fuselage is higher, but the RCS of double vertical tails and ventral fins is lower because the camber angle reduces the side scattering RCS. So the fuselage needs to be optimized. (3) As the main part of the infrared radiation scattering and the RCS scattering, the back scattering RCS of the engines is higher. So the engines need to be optimized too.
The initial conditions include: The radar bands are X-band, S-band and UHF-band, the pitch angle of the incident wave ranges from -15° to +15°, the azimuth ranges from 0° to 360° and the polarizations of radar are horizontal polarization and vertical polarization. The consequences show as below: The numerical simulation concludes 7×3×2=42 RCS curves of the strike fighter and 7×3×2×360=15120 RCS scattering intensity images in total. The RCS mean value features of the strike fighter are obtained after calculating the arithmetic average and converting units based formula (4) and (5) (see Table 2 ). From Table 2 the RCS mean value features of the strike fighter show： （1） Supposing that the radar band is X-band, the polarization is H-H polarization, and the forward azimuth ranges from -30° to +30°, the arithmetic mean of forward scattering RCS of the strike fighter and 7×3×2×360=15120 RCS scattering intensity images in total. The RCS mean value features of the strike fighter are obtained after calculating the arithmetic average and converting units based formula (4) and (5) (see Table 2 ).
From Table 2 the RCS mean value features of the strike fighter show: (1) Supposing that the radar band is X-band, the polarization is H-H polarization, and the forward azimuth ranges from -30° to +30°, the arithmetic mean of forward scattering RCS From Table 2 the RCS mean value features of the strike fighter show： （1） Supposing that the radar band is X-band, the polarization is H-H polarization, and the forward azimuth ranges from -30° to +30°, the arithmetic mean of forward scattering RCS The following work is about the RCS feature comparison analysis with other typical three-surface aircrafts.
RCS feature analysis of the typical three-surface aircraft with missiles
The Russian aircrafts Su-33 and Su-37 are typical three-surface aircrafts. This section is focus on the RCS comparison analysis between the conceptual design aircraft and the Su-37 with missiles.
The conceptual design three-surface strike fighter is shown in Fig. 7(a) . Its 3d digital mock-up is shown in Fig. 3 and the schemes to carry missiles are shown in Fig. 4 .
The schemes of Su-37 to carry missiles are shown in Fig. 7(b) ~ (d) . The digital mock-up of Su-37 is short for B. In order to compare with the conceptual design strike fighter，the schemes to carry missiles are designed as below: (1) In scheme 1, the aircraft carries 5 mid-range air-to-air missiles and 1 mid-range air-to-surface missile outside (see Fig. 7(b) ). In scheme 2, the aircraft carries 10 mid-range air-to-air missiles outside (see Fig. 7(c) ). In scheme 3, the aircraft carries 1 long-range air-to-surface missile outside (see Fig. 7(d) S mean value features of the strike fighter show： （1） Supposing that the radar ization is H-H polarization, and the forward azimuth ranges from -30° to +30°, the ard scattering RCS ign three-surface strike fighter is shown in Fig. 7(a) . Its 3d digital mock-up is chemes to carry missiles are shown in Fig. 4 .
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The schemes of Su-37 to carry missiles are shown in Fig. 7(b) ~ (d) . The digital mock-up of Su-37 is short for B. In order to compare with the conceptual design strike fighter，the schemes to carry missiles are designed as below: (1) In scheme 1, the aircraft carries 5 mid-range air-to-air missiles and 1 mid-range air-to-surface missile outside (see Fig. 7(b) ). In scheme 2, the aircraft carries 10 mid-range air-to-air missiles outside (see Fig. 7(c) ). In scheme 3, the aircraft carries 1 long-range air-to-surface missile outside (see Fig. 7(d) Table 2 the RCS mean value features of the strike fighter show： （1） Supposing that the radar -band, the polarization is H-H polarization, and the forward azimuth ranges from -30° to +30°, the mean of forward scattering RCS conceptual design three-surface strike fighter is shown in Fig. 7(a) . Its 3d digital mock-up is (1) In scheme 1, the aircraft carries 5 mid-range air-to-air missiles and 1 mid-range ace missile outside (see Fig. 7(b) ). In scheme 2, the aircraft carries 10 mid-range air-to-air utside (see Fig. 7(c) ). In scheme 3, the aircraft carries 1 long-range air-to-surface missile outside The following work is about the RCS feature comparison analysis with other typical three-surface aircrafts.
The Russian aircrafts Su-33 and Su-37 are typical threesurface aircrafts. This section is focus on the RCS comparison analysis between the conceptual design aircraft and the Su-37 with missiles.
The schemes of Su-37 to carry missiles are shown in Fig.  7(b) ~ (d) . The digital mock-up of Su-37 is short for B. In order to compare with the conceptual design strike fighter, the schemes to carry missiles are designed as below: (1) In scheme 1, the aircraft carries 5 mid-range air-to-air missiles and 1 mid-range air-to-surface missile outside (see Fig.  7(b) ). In scheme 2, the aircraft carries 10 mid-range air-toair missiles outside (see Fig. 7(c) ). In scheme 3, the aircraft carries 1 long-range air-to-surface missile outside (see Fig.  7(d) ).
Analyze the three schemes of model A and model B to compare the RCS feature based on the physical optics and MEC with the RCSPlus software. The consequences of the numerical simulation include: (1) The RCS feature curve of the typical three-surface aircraft system is obtained (see Fig. 8) . (2) The RCS scattering intensity feature of the typical From Table 2 the RCS mean value features of the strike fighter show： （1） Supposing that the radar band is X-band, the polarization is H-H polarization, and the forward azimuth ranges from -30° to +30°, the arithmetic mean of forward scattering RCS The following work is about the RCS feature comparison analysis with other typical three-surface aircrafts.
The schemes of Su-37 to carry missiles are shown in Fig. 7(b) ~ (d) . The digital mock-up of Su-37 is short for B. In order to compare with the conceptual design strike fighter，the schemes to carry missiles are designed as below: (1) In scheme 1, the aircraft carries 5 mid-range air-to-air missiles and 1 mid-range air-to-surface missile outside (see Fig. 7(b) ). In scheme 2, the aircraft carries 10 mid-range air-to-air missiles outside (see Fig. 7(c) ). In scheme 3, the aircraft carries 1 long-range air-to-surface missile outside (see Fig. 7(d) ). The RCS feature curve of the typical three-surface aircraft system is obtained (see Fig. 8) . (2) The RCS scattering intensity feature of the typical three-surface aircraft system is obtained (see Fig. 9 ). (3) The RCS mean value comparison of the typical three-surface aircraft system is obtained (see Table 3 ). three-surface aircraft system is obtained (see Fig. 9 ). (3) The RCS mean value comparison of the typical three-surface aircraft system is obtained (see Table 3 ). From Fig. 8 , when the radar band is X-band, the pitch angle is 0°, the polarization is horizontal polarization, calculate the arithmetic mean and transform the units with the formula (4) and (5), the RCS feature of the typical threesurface aircraft system is shown as below: (1) For model A, the forward scattering RCS arithmetic mean at the forward azimuth range of ±30° is -2.178dBsm, the side scattering RCS arithmetic mean at the side azimuth range of ±30° is 14.890dBsm and the back scattering RCS arithmetic mean at the back azimuth range of ±30° is 6.909dBsm. (2)Similarly, the RCS mean value features of three schemes of model B are also analyzed. And the consequences are summarized in table 3 .
This paper also research on the RCS feature of different parts. On the condition that the radar band is X-band, the polarization is horizontal polarization and the pitch angle of the incident wave is 5°, 0°and-5°, 12 RCS feature curves and 4320 RCS scattering intensity images are obtained after the numerical simulation.
Choose the RCS scattering intensity images to do research, such as the images obtained on the condition that the pitch angle of the incident wave is -5°and the azimuth is 10 (see in Fig. 9 ). The consequences show that the RCS scattering intensity of the three schemes of model B is high because the scattering intensity of the missiles outside increases the scattering intensity of the aircraft.
And then 12 RCS feature curves are analyzed to obtain the RCS mean value comparison of the typical three-surface aircraft through mathematical statistics and unit conversion (see Table 3 ).
On the condition that the radar band is X-band and the pitch angle is 0°, the consequences show: (1) Compared with scheme 1 of model B, the forward RCS mean value of model A at the forward azimuth range of ±30° is reduced to 14.9%, the side RCS mean value at the side azimuth range of ±30° is reduced to 9.6%, and the back RCS mean value at the back azimuth range of ±30° is reduced to 40.2%. The RCS feature curve of the typical three-surface aircraft system is obtained (see Fig. 8 ). (2) The RCS scattering intensity feature of the typical three-surface aircraft system is obtained (see Fig. 9 ). (3) The RCS mean value comparison of the typical three-surface aircraft system is obtained (see Table 3 ). The RCS feature curve of the typical three-surface aircraft system is obtained (see Fig. 8 ). (2) The RCS scattering intensity feature of the typical three-surface aircraft system is obtained (see Fig. 9 ). (3) The RCS mean value comparison of the typical three-surface aircraft system is obtained (see Table 3 ). This paper also research on the RCS feature of different parts. On the condition that the radar band i X-band, the polarization is horizontal polarization and the pitch angle of the incident wave is 5°，0°and-5°，
12 RCS feature curves and 4320 RCS scattering intensity images are obtained after the numerica simulation.
And then 12 RCS feature curves are analyzed to obtain the RCS mean value comparison of the typica three-surface aircraft through mathematical statistics and unit conversion (see Table 3 ). On the condition that the radar band is X-band and the pitch angle is 0°，the consequences show: (1 Compared with scheme 1 of model B, the forward RCS mean value of model A at the forward azimuth range of ±30° is reduced to 14.9%, the side RCS mean value at the side azimuth range of ±30° is reduced to 9.6%, and the back RCS mean value at the back azimuth range of ±30° is reduced to 40.2%. (2) Compared with scheme 2 of model B, the forward RCS mean value is reduced to 14.6%, the side RCS mean value is reduced to 16.36% and the back RCS mean value is reduced to 21.37%. (3) Compared with scheme 3 of model B, the forward RCS mean value is reduced to 13.6%, the side RCS mean value is reduced to 3.3% and the back RCS mean value is reduced to 40.8%. Above all, the stealth feature of the conceptual threesurface strike fighter with missiles inside is better than the ones with missiles outside.
Comparison analysis with other stealth aircrafts
The following analysis is about the RCS comparison analysis between the conceptual three-surface strike fighter and T-50 stealth aircraft.
Based on the Russian aircraft T-50, the 3D digital mock-up of T-50 which is short for model C is designed in CATIA (see Fig. 10(b) ).
When the radar band is X-band and the polarization is horizontal polarization, the numerical simulation consequences of model A and model C include the RCS feature curves (see Fig. 11 ), the RCS scattering intensity feature (see Fig. 12 ) and the RCS mean value comparison (see Table 4 ).
From Fig. 11 , when the radar band is X-band, the pitch angle of the incident wave is 0° and the polarization is horizontal polarization, after mean value calculation and unit conversion using formula (4) and (5) ,the RCS features of Model C show: the forward scattering RCS arithmetic mean at the forward azimuth range of ±30° is 1.954dBsm, the side scattering RCS arithmetic mean at the side azimuth range of ±30° is 16.612dBsm and the back scattering RCS arithmetic mean at the back azimuth range of ±30° is 7.587dBsm.
From Table 4 , when the pitch angle is 0°, the forward RCS of model C is higher than model A because the radar wave can directly radiate to the engine compressor blades of model C so that the forward RCS increases (see Fig. 12(c) and Fig. 6(a) ).
From table 4, on the condition that the radar band is X-band and the pitch angle is 0°, compared with model C, the than the ones with missiles outside.
Based on the Russian aircraft T-50, the 3D digital mock-up of T-50 which is short for model C is designed in CATIA (see Fig. 10(b) ). When the radar band is X-band and the polarization is horizontal polarization, the numerical simulation consequences of model A and model C include the RCS feature curves (see Fig. 11 ), the RCS scattering intensity feature (see Fig. 12 ) and the RCS mean value comparison (see Table 4 ). From Fig. 11 , when the radar band is X-band, the pitch angle of the incident wave is 0° and the polarization is horizontal polarization, after mean value calculation and unit conversion using formula (4) and (5) ,the RCS features of Model C show: the forward scattering RCS arithmetic mean at the forward azimuth range of ±30° is 1.954dBsm, the side scattering RCS arithmetic mean at the side azimuth range of ±30° is 16.612dBsm and the back scattering RCS arithmetic mean at the back azimuth range of ±30° is From Fig. 11 , when the radar band is X-band, the pitch angle of the incident wave is 0° and the polarization is horizontal polarization, after mean value calculation and unit conversion using formula (4) and (5) ,the RCS features of Model C show: the forward scattering RCS arithmetic mean at the forward azimuth range of ±30° is 1.954dBsm, the side scattering RCS arithmetic mean at the side azimuth range of ±30° is 16.612dBsm and the back scattering RCS arithmetic mean at the back azimuth range of ±30° is From Fig. 11 , when the radar band is X-band, the pitch angle of the incident wave is 0° and the polarization is horizontal polarization, after mean value calculation and unit conversion using formula (4) and (5) forward RCS mean value of model A at the forward azimuth range of ±30° is reduced to 38.61%, the side RCS mean value at the side azimuth range of ±30° is reduced to 67.26%, and the back RCS mean value at the back azimuth range of ±30° is reduced to 85.54%. Above all, the stealth property of the conceptual threesurface strike fighter doesn't appear to be much different from the T-50. They are on the same order of magnitude. But at most azimuth, the RCS of the conceptual fighter is lower than T-50. On the other hand, the conceptual fighter has a more optimized scheme to carry missiles because it can carry long-range air-to-surface missiles.
conclusion
This paper concentrates on the conceptual design of three-surface strike fighter. Based on the physical optics and MEC, a numerical simulation of the RCS feature is carried out. Through the numerical simulation and the comparison analysis, the conclusions are given as below:
(1) The numerical simulation method to calculate the RCS feature based on the physical optics and MEC is proved to be scientific and accurate after comparison with the electromagnetic test.
(2) The conceptual three-surface strike fighter has stealth property and the ability of air combat or air-to-ground combat.
(3) Compared with the digital mock-up of the Su-37 with missiles outside, the RCS of the conceptual three-surface strike fighter with missiles inside is lower. The conceptual fighter has better stealth ability.
(4) The order of magnitude of the stealth property of the conceptual three-surface strike fighter is the same as T-50. But at most azimuth, the RCS of the conceptual fighter is lower than T-50 because of the insufficient design of the inlet of T-50. Moreover the conceptual fighter has a more optimized ability of air-to-ground combat because it can carry long-range air-to-surface missiles.
This paper centers on the conceptual design and the RCS numerical simulation of three-surface strike fighter. And it is expected to provide reference and technical support for conceptual design and stealth design of the military aircraft. Bsm.
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